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1 . 0  INTRODUCTION 

There are two m a j o r  areas f o r  c o n s i d e r a t i o n  i n  
d e t e r m i n i n g  t h e  performance o f  s o l a r  a r r a y  e l e c t r i c a l  
power sys t ems :  The e l e c t r i c a l  power g e n e r a t i o n  c a p a b i l i t i e s  
o f  t h e  s o l a r  a r r a y  i n  d i r e c t  s u n l i g h t ,  and t h e  o v e r a l l  power 
sys t em i n c l u d i n g  ba t t e r i e s ,  v o l t a g e  r e g u l a t i o n ,  b a t t e r y  
c h a r g e r s  and l i E h t / d a r k  r a t i o s .  

The estimate of t h e  g e n e r a t i o n  c a p a c i t y  o f  t h e  a r r a y  
i s  dependent  on such  i tems a s  t h e  s o l a r  c e l l  e f f i c i e n c y ,  s o l a r  
a r r a y  t e m p e r a t u r e ,  r a d i a t i o n  d e g r a d a t i o n ,  
c o n s e r v a t i s m  i n  t h e  d e s i g n .  

power which can be d e l i v e r e d  to t h e  l o a d  to t h e  power g e n e r a t e d  
by the  s o l a r  a r r a y .  

and t h e  ?mount o f  

The o v e r a l l  power sys t em r e l a t e s  t he  r a t i o  o f  c o n t i n o u s  

2.g 

Below i s  a s i m p l i f i e d  b l o c k  diagram o f  t h e  o v e r a l l  
power sys tem.  

. 
BATTERY 

REG. 

BATTER I E S  
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The r e l a t i o n s h i p  between t h e  a v e r a g e  l i g h t  t i m e  s o l a r  a r r a y  
power and t h e  c o n t i n u o u s  power d e l i v e r e d  t o  t h e  AMDA bus  i s  
d e t e r m i n e d  as follows: 

= S o l a r  Array Power 'SA 

PL = Bus power,  l i g h t  t i m e  

pD = Bus power, d a r k  t i m e  

Reg B = B a t t e r y  r e g u l a t o r  e f f i c i e n c y  

B = B a t t e r y  charge  e f f i c i e n c y  

Reg V = Vol tage  r e g u l a t o r  e f f i c i e n c y  

TD = Dark t i m e  p e r  o r b i t  

TL = L i g h t  t i m e  p e r  o r b i t  

Sample c a l c u l a t i o n  

Assume : 

PL = PD 

Reg B = 85% 

B = 65% 

Reg V = 85% 

TD = 35.8 minutes  

TL = 58.8 minutes  

Line  L o s s  = 15% 



L 

BELLCOMM, I N C .  - 3 -  

F o r  t h e  above a s sumpt ions  t h e  s o l a r  a r r a y  must d e l i v e r  2.835 
KW d u r i n g  t h e  l i g h t  p e r i o d  t o  s u p p l y  1 KW c o n t i n u o u s  t o  t h e  
l o a d .  The l i g h t / d a r k  t i m e s  u s e d  i n  t h i s  example are  f o r  a 
270 NM c i r c u l a r  o r b i t ,  and a g o o  a n g l e  of  i n c i d e n c e  between 
t h e  s u n  l i n e  and t h e  o r b i t a l  p l a n e  ( i . e .  z e r o  degree B a n g l e ) .  

3 .0  CONTINUOUS POWER AVAILABLE FROM THE SOLAR ARRAY 

With t h e  assumpt ion  t h a t  t h e  power r e q u i r e m e n t  d u r i n g  
t h e  d a r k  and l i g h t  t i m e  i s  e q u a l ,  t h e  EPS o u t p u t  c a p a b i l i t y  i s  
shown i n  F i g u r e  1 as a f u n c t i o n  o f  t h e  B a n g l e .  S o l a r  p a n e l s  
and a r r a y s  were assumed t o  be i n  t h e  f o l l o w i n g  c o n f i g u r a t i o n :  

( 1 4 . 2 5  i n c h e s  x 18  i n c h e s )  1 . 7 7  f t 2 ,  466 S o l a r  P a n e l s :  
p a n e l s  are used  i n  t h e  p r e s e n t  S-IVB s o l a r  a r r a y  con- 
f i g u r a t i o n .  Each p a n e l  c o n t a i n s  370 2 cm by 2 cm c e l l s .  

S o l a r A r r a y s :  8 a r r a y s  are  used ;  6 l a r g e  a r r a y s  (%110 f t  

e a c h )  composed o f  63 p a n e l s ,  and 2 a r r a y s  ( % 8 2  f t 2  each)  
comprised of 45 p a n e l s .  T o t a l  Array Area %824 f t  . 

2 

2 

An e x p l a n a t i o n  of e a c h  of  t h e  f o u r  c u r v e s  shown 
f o l l o w s :  

Curve 1. T h i s  c u r v e  r e p r e s e n t s  t h e  p r e l i m i n a r y  MAC 
estimate o f  t h e  con t inuous  a v a i l a b l e  power. The 
e l e c t r i c a l  pnwer system h a s  been r e d e s i g n e d  t o  improve 
t h e  per formance .  

Curve 2 .  T h i s  c u r v e  r e p r e s e n t s  t h e  MSC ( M A C )  est imates 
of t h e  c o n t i n u o u s l y  a v a i l a b l e  power as p r e s e n t e d  i n  t h e  
E l e c t r i c a l  Power Systems Pane l  a t  MSC May 2 4 ,  1967.  
Improvements were: t o  r e d u c e  t h e  l i n e  loss by a f a c t o r  
of  f o u r  by d o u b l i n g  the  o u t p u t  v o l t a g e  from t h e  p a n e l ,  
and t o  i n c r e a s e  t h e  v o l t a g e  and b a t t e r y  c h a r g i n g  r e g u l a t o r  
e f f i c i e n c i e s  t o  93%.  

Curve 3. T h i s  cu rve  r e p r e s e n t s  t h e  estimated a v a i l a b l e  
power a t  t h e  s t a r t  of t h e  m i s s i o n  and would be a p p l i c a b l e  
f o r  AAP-l/AAP-2 m i s s i o n s .  Curve 2 i s  t h e  power a v a i l a b l e  
a t  t h e  end of one yea r .  The d i f f e r e n c e  i s  due t o  U.V. 
r a d i a t i o n  d e g r a d a t i o n  o f  t h e  s o l a r  a r r a y  c o v e r  s l i d e s  
o v e r  one y e a r .  

Curve 4 .  I n  a lmost  a l l  s o l a r  a r r a y  d e s i g n s  a s a f e t y  
f a c t o r  of 20 t o  30% i s  a l lowed  f o r  t h e  a r r a y  per formance .  
I n  Reference 1 Arvin Smi th  states;"A d e r a t i n g  o f  a t  
l ea s t  20 p e r c e n t  i s  c o n s i d e r e d  n e c e s s a r y  to e s t a b l i s h  
a c c e p t a b l e  conf idence  i n  power s o u r c e  s u c c e s s .  It Curve 4 
i s  t h e  c o n t i n u o u s  power w i t h o u t  t h e  2 0 %  margin i n  t h e  
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a r r a y  per formance ,  and a l s o  assuming t h a t  t h e  a r r a y  
t e m p e r a t u r e  i s  5 5 O C  i n s t e a d  o f  7 O o C .  The s t e a d y  s t a t e  
t e m p e r a t u r e  for s o l a r  a r r a y s  w i t h  p r o p e r  thermal  c o a t -  
i n g  h a s  been demons t r a t ed  t o  be  5 5 O C .  It i s  n o t  c l e a r  
why MSC i s  u s i n g  7OoC. 

T a b l e  I summarizes t h e  a s sumpt ions  used  to g e n e r a t e  
e a c h  cu rve .  

Summary 

The s o l a r  a r r a y  EPS w i l l  most p r o b a b l y  s u p p l y  
c o n t i n u o u s  power as shown i n  Curve 4 .  However, i n c l u d i n g  
a 20% d e r a t i n g  o f  t h e  a r r a y  and a 70°C a r r a y  t e m p e r a t u r e  t h e  
per formance  f o r  AAP-l/AAP-2 i s  shown i n  Curve 3. A t  t h e  end 
o f  one y e a r  U.V. r a d i a t i o n  d e g r a d a t i o n  cou ld  r educe  t h e  power 

' t  as shown t o  Curve 2 .  

1022-JDD-mef 4. D. Dunlop 

At tachments  
F i g u r e  1 
T a b l e  I 
R e f e r e n c e s  
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T a b l e  I 

F i g u r e  1 Curves 

P a n e l  o u t p u t  a t  r e f e r e n c e  Temp. 
o f  25OC, wat ts .  

P a n e l  o u t p u t  a t  o p e r a t i n g  Temp. 
watts.  

vat  t s / f t  

B a t t e r y  c h a r g e r  e f f i c i e n c y  

V o l t a g e  r e g u l a t o r  e f f i c i e n c y  

L ine  loss % 
P a n e l  t e m p e r a t u r e  0 C 

B a t t e r y  e f f i c i e n c y  

U.V. d e g r a t i o n  

/D : T - 35.8 

(1) (2) ( 3 )  ( 4 )  

16 .5  16 .5  16 .5  19 .8  

11.7 1 1 . 7  1 3 . 0  1 6 . 7 *  

6 . 6  6 .6  7 .35  9 . 4  

85% 93% 93% 93% 

85% 93% 93% 93% 

15% 4 %  4 %  4 %  

70 70 70 55 

65% 65% 65% 65% 

10% 10% 0 0 

-. 3 815 - a /  2.25 2 . 2 5  2 . 2 5  

3.37 1 .88  1 .88  1 . 8 8  

* 
P a n e l s  have been produced which exceed  1 7  w a t t s / p a n e l  i n  

s p a c e ;  16 .7  w a t t s / p a n e l  used In r e p o r t ;  LMSC. See R e f .  2 .  
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